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concordance with a Pearson correlation coefficient of 0.86 (95% 
confidence limits 0.67 and 0.96) with a two sided p-value for rejecting 
the hypothesis of zero correlation of 0.003. 
 
  
Conclusions: Routine CBCT images of lung cancer patients allow an 
automated estimation of tumour volume with a precision of 3.9%. The 
volumes estimated by our method correlate strongly with manually 
delineated volumes. One-third and two-thirds into a course of 
fractionated RT, tumour volume regression at the end of therapy can 
be estimated with a precision of 13% and 5.5%, respectively. If a 
correlation between regression at the end of therapy and long-term 
clinical outcome is established this method would be an efficient tool 
allowing for response adaptive radiation therapy.  
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Purpose/Objective: To validate two semi-automatic fluoro-
deoxyglucose (FDG) positron emission tomography (PET) segmentation 
methods for GTV delineation in laryngeal and hypopharyngeal cancer, 
in comparison with histopathology and manual FDG-PET delineations. 
Materials and Methods: Before total laryngectomy, 22 patients (mean 
age, 62.3; range, 52-79 years) with T3 (n=3) or T4 (n=19) squamous 
cell carcinoma of the larynx (N=12) or hypopharynx (N=10) underwent 
preoperative imaging. Thirteen patients underwent an FDG-PET and a 
high-resolution computed tomography (CT) scan. The remaining 9 
patients underwent an FDG-PET/CT scan. The GTV was manually 
delineated on the PET scans by a radiation oncologist. The larynx 
specimen was fixed with formaldehyde and sliced transversely in 3-
mm thick slices. Whole-mount hematoxylin-eosin stained (H&E) 
sections were obtained and registered to the thick-slice photos. A 
pathologist delineated the tumor tissue in the H&E sections. The 
specimen was reconstructed in 3D, and rigidly registered to the 
preoperative CT and PET scans. The GTV was semi-automatically 
segmented on the PET scans using a gradient-based watershed method 
and a gaussian based method. To account for partial volume effects, 
the segmented masks were resampled to a 1x1x1 mm3 grid before 
being converted into a delineation. Different margins around the PET 
based GTVs delineations were automatically drawn, and the coverage 
of tumor tissue on pathology was determined. 
Results: The average GTV volume determined with the watershed 
(16.0 ml) and gaussian (16.8 ml) segmentation methods resembled the 
average tumor volume on pathology (15.5 ml). The average manually 
segmented GTV volume was 40% larger (21.8 ml) (figure). The tumor 
coverage was best for the manual delineations (81%), followed by the 
gaussian (74%) and watershed (70%) delineations. To cover 95% of 
tumor in pathology in all patients, a margin of 7, 9 and 7 mm was 
required around the manual, watershed and gaussian delineations, 
respectively (table). These margins led to a total delineated volume 
of 70.7, 82.0 and 62.2ml, respectively. The mismatches between the 
PET and the tumor localization as derived from histopathology might 
be partly explained by registration errors and deformations of the 
specimen. Dealing with partial volume effects is crucial to obtain the 
delineation out of a segmented mask. 
 
  
  
Conclusions: Both semi-automatic segmentation methods estimated 
closely the average tumor volume on pathology, and the tumor 
coverage by both methods was similar. Manual delineations showed a 
better coverage, but overestimated the average tumor volume by 
40%. The gaussian and watershed methods are two easy and robust 
methods to determine a first estimate of the GTV, on FDG-PET. 
However, these segmentations must be adapted on the planning CT 
scan by a radiation oncologist, to correct for partial volume effects 
and CT-PET registration errors. 
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Purpose/Objective: Mid-Position (MidP) CT was recently introduced 
for lung cancer patients, where a motion compensated 4D CT is 
averaged over the breathing phases to obtain the time averaged mean 
position of the complete anatomy. The purpose of this study was to 
evaluate the registration accuracy and image quality of MidP CT scans 
of liver cancer patients. 
Materials and Methods: In eleven patients with liver metastasis, 
fiducial markers were implanted. For all patients 4D CT and contrast 
enhanced breath hold (BH) CT scans were acquired. From these 
datasets the markers were digitally removed, using parametric 
sampling. We applied a phase based optical flow registration to 
register the frames of the 4D scan to the exhale phase. By calculating 
the registration differences between deformable registration without 
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markers and the rigid registration with markers, we assessed the 
registration performance. Using the registration, we created a time 
averaged MidP CT scan from the 4D scan, to function as a planning CT. 
To assess the difference in noise level in the 4D CT and MidP CT scan, 
we calculated the standard deviation in a region away from tumours 
and major vessels in both scans. The MidP CT scan was registered to 
the BH contrast scan, in which the contrast was digitally removed, 
using a threshold method. 
Results: The results of the marker masking were realistic, as visually 
assessed by a radiation oncologist. The peak-to-peak amplitude of the 
markers in the 4D scan was on average 1.7cm (σ = 0.7cm). We found 
an average marker mis- registration of 1.8mm (σ = 0.6mm) for the 4D 
CT scan. The average marker registration error between the 4D scan 
and the BH scan was 3.0mm (σ = 0.9mm). 
In comparison to the original 4D CT data, the MidP CT scans contained 
2.8 (σ = 0.2mm) times less noise, resulting in an increase of the signal 
to noise ratio (SNR). Because of this increase in SNR the vasculature 
and tumours in the liver became better visible (see figure). 
 
 Conclusions: Deformable registration of motion in 4D CT and BH 
contrast CT scans of the liver is feasible with little residual errors. 
Using this registration it is possible to create a motion compensated 
MidP CT scan, with a significantly increased SNR. Therefore this scan 
is very useful as a planning CT. 
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Purpose/Objective: Application of deformable registration (DR) 
ranges from automatic contour propagation to multi-time point CT 
0adaptation. However, clinical professionals remain reluctant to apply 
these techniques in daily practice due to lack of quality assurance 
tools. A first attempt is made here to provide a verification 
methodology for clinical environments. 
Materials and Methods: In research facilities, some studies have been 
conducted around this topic. One example is the POPI model which 
consists of six 4D CT images of the thorax with sets of verified fiducial 
points in the lungs located near bifurcations of the bronchial ducts. 
Applying DR, points of all 4D CT phases can be mapped on a single 
reference exhale phase and their position compared with the 
reference positions. First, these sets were made available in the 
DICOM format to bring them into the clinical workflow. The 
methodology was performed with 2 commercially available DR 
algorithms: the VoxAlign Deformation Engine (MIM Inc.) and the 
intensity-based hybrid algorithm (RaySearch Inc.) (RS), and 
benchmarked against a 3D cubic B-spline algorithm using motion 
masks (BM). The DR was applied on two 4D CT data sets from the POPI 
model, one case considered as easy and one case considered difficult 
to register. The DICOM export of the bifurcation points mapped to the 
reference phase was read into MATLAB for analysis. 
Results: In table I the 3D deviations after registration are averaged 
over 100 bifurcation points for each 4D CT phase, for both commercial 
algorithms. It can clearly be seen that the more distant the phase 
becomes from the reference phase, the larger the residual alignment 
error becomes. Maximum deviations of up to 30 mm were seen for 
patient 2, ranging up to the full breathing motion amplitude. For each 
patient, the results from the non-commercial BM algorithm for 
registering the extreme inhale phase are also included, along with the 
mean over all phases. For the two selected patients, the MIM 
algorithm performed better than RS. For patient 1, the performance 
of the MIM algorithm was comparable to that of the BM algorithm. 
However, the BM algorithm showed considerably better results for 
patient 2, where large residual errors were seen for both commercial 
algorithms. In terms of execution speed the MIM algorithm used on 
average 12 sec/phase, the RayStation algorithm 2 min/phase, and the 
BM algorithm around 20 min/phase. 
Conclusions: Commercially available deformable registration 
algorithms are fast, allowing their insertion into clinical workflow, but 
their performance is not yet up to the level of state-of-the-art 
algorithms reported on in research. These commercial algorithms 
should be used with great caution and in addition to a commissioning 
with expert-based validation data, similar to the POPI model. Routine 
use should also include case-per-case verification, for example using 
specifically designed visualisation tools, to avoid large errors in 
critical regions. 
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Purpose/Objective: In the EU many RTTs are trained as diagnostic 
radiographers (DR) with no dedicated RT schools. Smaller countries 
have a unique challenge - the required number of new RTTs may seem 
too few to justify the establishment of a separate RTT school. A 
recent survey of RTTs in this country showed that almost 50% were not 
satisfied with the education received prior to starting work. As 
radiation oncology evolves so rapidly, the need for a solid 
understanding of the basics, as well as advanced courses and CE is 
acute. In this country, several methods have been utilized to fill the 
knowledge gap, none of which included a dedicated physical space.  
Materials and Methods: Our new model, adaptable specifically to 
small and mid-size countries, has evolved from previous attempts to 
provide quality RTT education in an environment wrought with 
challenges. Through collaboration with the DR schools, less financial 
resources are required, and the potential objection from the DR 
schools is nullified. Furthermore, cooperation with less orthodox 
partners, can provide added value.  
We inaugurated a national school in cooperation with the Ministry of 
Health, the National Center for Medical Simulation (NCMS), the RO 
departments and DR schools as a base to fill the gap.The school will 
have a fully operational treatment planning lab with 13 workstations 
(including one instructor station). The innovative VERT system will be 
utilized to assist in the education of present and future RTTs. The 
center is cooperating with NCMS in curriculum development to provide 
